Propofol (2,6,di-isopropylphenol) was given by continuous intravenous infusion to provide sedation after cardiac surgery in 30 patients and its effects compared with those of midazolam given to a further 30 patients. Propofol infusion allowed rapid and accurate control of the level of sedation, which was satisfactory for longer than with midazolam. Patients given propofol recovered significantly more rapidly from their sedation once they had fulfilled the criteria for weaning from artificial ventilation and as a result spent a significantly shorter time attached to a ventilator. There were no serious complications in either group. Both medical and nursing staff considered the propofol infusion to be superior to midazolam in these patients.
Introduction
Most patients in an intensive care unit require sedation at some time. The ideal agent would allow the level ofsedation to be changed rapidly on altering the dose and yet have no effect on the cardiovascular or respiratory system. These features were met most closely by continuous intravenous infusions of the short acting anaesthetic agents alphaxalone-alphadolone and etomidate. Unfortunately, the former (Althesin) was withdrawn because of an unacceptably high incidence of allergic reactions to its solubilising agent Cremophor EL, while etomidate is no longer used because of gross suppression of cortisol production in the adrenal cortex,' which has been implicated as a possible cause ofincreased mortality in severely injured patients receiving the drug by continuous infusion. 2 The void left by these agents appears to have been filled mainly by continuous infusions of opioids frequently supplemented by a benzodiazepine. 3 Midazolam, which is water soluble, has replaced diazepam as the benzodiazepine of choice, as it has a shorter half life, inactive metabolites, and is not thought to accumulate on repeat administration.
Propofol (2, 6 ,di-isopropylphenol; Diprivan) is a short acting, rapidly metabolised intravenous anaesthetic agent which-was originally solubilised in Cremophor EL but has now been reformulated as an emulsion. Initial work has shown that recovery after bolus doses is rapid.4 Studies using continuous infusions to supplement regional anaesthesia have been encouraging, the speed of recovery being particularly impressive.56 The rapid metabolism ofthe drug and virtual lack ofcumulation would make it suitable for continuous infusion in the intensive care unit.
We have used propofol in this way to provide sedation for patients who required artificial ventilation in the immediate postoperative period after cardiac surgery. Its effects were compared with the routine sedation technique used in this unit, a combination of midazolam and papaveretum.
Patients and methods
The study was carried out on 60 adults who had undergone cardiac surgery entailing cardiopulmonary bypass. Each patient was seen the day before operation and written informed consent obtained for the study, which had been approved by the hospital's ethical committee. The anaesthetic technique was standardised: premedication with papaveretum, hyoscine, and droperidol; induction with thiopentone (up to 4 mg/kg) and fentanyl 50 jig/kg; and tracheal intubation after pancuronium 0-1 mg/kg. Anaesthesia was maintained with 60% nitrous oxide in oxygen, the lungs being ventilated mechanically. Hypertensive episodes were controlled with sodium nitroprusside. At the end ofthe procedure artificial ventilation was continued and the patient transferred to the intensive care unit. Neuromuscular blockade was not reversed. SEDATION On arrival in the intensive care unit the patients were randomly allocated to receive either propofol or midazolam for sedation. Allocation to each group was by random tables supplied by ICI PLC at the start of the study. Propofol was given as a 1% solution by continuous intravenous infusion delivered into a central vein by a motorised syringe pump (Dylade Co, Runcorn, Cheshire). Midazolam was given intravenously in bolus doses of 2-5 mg intermittently when required. In both groups analgesia was provided by intermittent bolus doses of papaveretum 2-5 mg intravenously as required.
The level of sedation was assessed as described by Ramsay et al for patients sedated with an infusion of alphaxalone-alphadolone.7 Sedation was considered at six levels: (1) patient anxious and agitated or restless, or both; (2) patient cooperative, oriented, and tranquil; (3) patient responds to commands only; (4) asleep but with a brisk response to a light glabellar tap or loud auditory stimulus; (5) asleep, sluggish response to light glabellar tap or loud auditory stimulus; (6) asleep, no response.
Sedation was begun after the patients opened their eyes to command. The aim with both drugs was to keep the patient at sedation level 3, when it was still possible to enquire if they had any pain or discomfort requiring analgesia. Ramsay et al, however, thought that all sedation levels between 2 and 5 could be considered suitable for patients requiring sedation in the intensive care unit,7 and we therefore followed a similar protocol. The propofol infusion was arbitrarily begun at 50 mg/hour and thereafter was adjusted by the nursing staff within limits set by the anaesthetist; the rate of administration could be varied between 10 and 1500 mg/hour. For interpreting the results sedation levels 2, 3, 4, and 5 were regarded as satisfactory. The amounts of the sedative drugs and of papaveretum used were noted for each patient.
WEANING FROM THE VENTILATOR Ventilation was with oxygen enriched air, the inspired oxygen being adjusted to maintain an arterial oxygen tension between 15 and 25 kPa and the ventilator settings to produce a Paco2 between 4 0 and 4 5 kPa. Patients were weaned from the ventilator according to the criteria laid down by Klineberg et alP and Foster et aP for early extubation after cardiac surgery. Once spontaneous ventilation had been established the trachea was extubated when the spontaneous-tidal volume was greater than 5 ml/kg, vital capacity greater than 10 ml/kg, and respiratory rate greater than 10 but less than 20 breaths/min.
Sedation was stopped when the decision to start weaning was made. The times from stopping sedation until the patient breathed spontaneously and tracheal extubation was performed were noted. Records were also kept ofthe time from arrival in the intensive care unit to the start of sedation and the total time of artificial ventilation.
OTHER MEASUREMENTS
The electrocardiogram, central venous pressure, arterial blood pressure, and rectal and skin temperatures (big toe) were continuously displayed. Urine output and arterial blood gas tensions were measured at regular intervals. Records were also made of blood loss and administration of blood and fluid. Central venous pressure was maintained between 6 and 12 mm Hgusing whole blood if the packed cell volume was less than 35% or a plasma substitute ifotherwise. Mean arterial blood pressure was controlled between 70 
Results
Thirty patients were included in each sedation group, and there were no significant differences between the groups with regard to age, weight, height, sex distribution, or type of operation performed (table I) . Table II shows the doses of the sedative drugs used. Patients receiving midazolam were given a highly significantly greater amount of papaveretum (p<0-001). Figure 1 shows the mean proportion of time spent at any one sedation level. Patients receiving propofol were considered to be at a satisfactory level of sedation for 91% of the time that they were attached to the ventilator compared with only 81% for those receiving midazolam. We arbitrarily decided that analysis would be based on whether patients spent more or less than half of their total time attached to the ventilator at any one sedation level. More patients in the propofol group were maintained at sedation level 3 than those receiving midazolam (p<0 025). Though there were differences between the two groups in the proportions of time spent at each of the other sedation levels, differences were not significant. A greater number of patients receiving midazolam spent a greater proportion of their time attached to the ventilator at either sedation level 6 or sedation level 1. The intended sedation level (level 3) was achieved for 44-6% of the time in the propofol group but for only 28-1% of the time in the midazolam group.
The level-ofsedation with propofol was easily controllable by increasing or decreasing the infusion rate, which also tended to make blood pressure control easier. On occasion the degree of sedation rapidly lightened unexpectedly in some of the patients receiving midazolam, which caused problems with blood pressure control for short periods.
WEANING FROM THE VENTILATOR
There was no significant difference between the groups in the times from arriving in the intensive care unit to beginning sedation. The median time from stopping the propofol infusion to return ofspontaneous ventilation was 9-5 minutes (range 1-54) and to tracheal extubation 20 minutes (5-70). This was in striking contrast with the midazolam sedated patients, whose corresponding times were 202 minutes (range 31-600) and 237 minutes (80-610). The total median time for which patients were attached to a ventilator was 6-5 hours (range 2-8-18-5) when propofol was used and 10 hours (4-23) with midazolam. significantly between the two groups. Blood gas tensions and acid base state were maintained within predetermined limits in both patient groups by correction of the artificial ventilation where appropriate.
Discussion
The ideal drug for sedation in the intensive care unit has been described as having the following features'0: it would produce sedation with no effect on the cardiovascular or respiratory system; it would not influence the metabolism of other drugs; it would be metabolised by pathways not dependent on normal renal, hepatic, el of sedation.
or pulmonary function; it would have a short elimination half life and would not cumulate on repeat or continuous administration. These properties, though by no means all, were most closely met by either alphaxalone-alphadolone or etomidate. It has been difficult to fill the gap left by withdrawal of these agents from intensive care practice. Because of their cumulative properties, pressure in both thiopentone and methohexitone are unsuitable for continuous y sodium nitroinfusion. Chlormethiazole has been used," but prolonged recovery mnsequently these may be expected after 48 hours and also the volume offluid that has
The mean rate of Tr(SEM 006)) was to be given is unacceptably large. Ketamine has the advantage of tdgroup (-74 ml/ producing intense analgesia but is associated with several side istroprusside were effects, in particular hypertension, which may be difficult to min (SEM 0-24); control.'2 Nitrous oxide is in many ways ideal for patients whose tput did not differ lungs are being ventilated mechanically but interferes with the metabolism of vitamin B12, and prolonged exposure is not necessary for an effect to be observed.'3 Neuromuscular blocking agents are used only as a last resort to achieve synchronisation with the ventilator.
Most workers in intensive care seem to have fallen back on a combination of an infusion of opioid supplemented by bolus injections of a benzodiazepine.3 Opioids are excellent sedatives, producing euphoria, drowsiness, and also analgesia, and in usual doses have little effect on arterial blood pressure.'" Opioids, however, also cause nausea and vomiting, decreased gut motility, and ventilatory depression in patients breathing spontaneously, and elimination is slow when either hepatic or renal function is depressed.'4 The pharmacokinetics of the newer opioid alfentanil may make it more suitable for use by continuous infusion.', Diazepam has been widely used, but there is a wide' individual variation in its effects, and it is long lasting with active metabolites.
Midazolam is becoming more popular.3 It is more potent, has a more rapid onset of action, and its metabolites are inactive. Clinical studies, however, have failed to show any dramatic difference between diazepam and midazolam in terms of recovery, and infusion ofmidazolam in the intensive care unit has been associated with prolonged recovery.'l" In our study midazolam provided satisfactory sedation for most of the time. Significantly more papaveretum was used in these patients, but there was no evidence that they were having more pain, and-we believe that the nursing staff, who were very experienced in the management of these patients, were using the papaveretum for its sedative as well as its analgesic properties. Propofol proved to be satisfactory and had the considerable advantage of allowing rapid changes in the level of sedation. It was easier to maintain the desired level, and patients could be asked if they required any analgesia. We emphasise that propofol has no analgesic properties. The other distinct advantage was the rapidity with which spontaneous ventilation could be established and the trachea extubated after stopping the infusion. Blood pressure was easy to control, and though there was no significant difference in the amount of nitroprusside used, the variation in dose was greater in those who received midazolam. In particular, the nursing staffwere impressed with the ease of control of sedation and expressed a definite preference for this technique compared with midazolam, with which they were much more familiar.
The mean infusion rate ofpropofol (13w 1 -Ig/kg/min) in this study was extremely slow as compared with that given by infusion to supplement regional analgesia (103 [ig/kg/min),6 to supplement nitrous oxide in paralysed patients (120 Rg/kg/min),'9 or to supplement fentanyl in paralysed patients (150 [ig/kg/min).20
The ED95 by continuous infusion in conjunction with nitrous oxide has been shown to be 95 gig/kg.2' The low dose that we used may be attributed to the fact that the patients were already sedated from the effects of the anaesthetic which included high dose fentanyl (50 gig/kg). There.is no doubt that in other circumstances in the intensive care unit higher infusion rates would be required and also an initial bolus dose to establish rapidly an effective concentration in the blood, which was not considered necessary in these patients. Bolu-s doses of propofol 2-5 mg/kg have a greater depressant effect on arterial blood pressure than thiopentone22 and cause a greater degree ofventilatory depression.23 The former is due to the much greater reduction in systemic vascular resistance than occurs with thiopentone, cardiac output being little changed. Using the much smaller dose for maintenance of sedation by infusion, the cardiovascular effects may be expected to be much less, and certainly with the Cremophor preparation there were no differences between the haemodynamic effects as compared with minimum infusion rates of alphaxalone-alphadolone and methohexitone. 24 Respiratory depression is of no consequence when ventilation is controlled, and the effects-of an infusion in patients breathing spontaneously remain to be seen. No untoward cardiovascular effects were encountered. ' We have studied the feasibility of using propofol by continuous intravenous infusion to provide sedation in' the largest group of patients requiring it in our intensive care unit. In this respect it has proved to be extremely satisfactory and superior to the standard method of midazolam and papaveretum. Further work is required to study its effects when used for prolonged periods and in larger doses, particularly on hepatic and metabolic function. This initial work suggests that propofol is a suitable replacement for etomidate and alphaxalone-alphadolone.
YEARS AGO
Those who hold that the coroner's court requires considerable modification, will be strengthened in their belief by the inquest which is reported to have been recently held at Gorton. A little child, aged 21/2years, had gone into a field to play, and in a few minutes was carried home, and died shortly afterwards. The medical men who were called in were of opinion that the child might have had a sunstroke. But a man named Woolley was much wiser; and, as a horse was loose in the field, he opined that the child might have been kicked or frightened by the horse, and the jury, agreeing with him, found a verdict of"Accidental Death. " It is to be supposed that the jury concluded in favour of the fright, for it is more than unlikely that the child could have been killed by a kickwithout a bruise being left, notwithstanding the coroner's statement as to such an occurrence being possible. This is just the sort of case in which it is an utter waste of money and of the time of those engaged to hold an inquest without a post-mortem examination. The cause of the death of the child has not been elucidated in thie slightest degree by the perfunctory inquest. (British MedicalJ'ournal 1887;ii:96.)
